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TITLE: Split -top, neck and head vascular array for magner.lc resonance imaging 



BSPR: 

The present invention relates to the magnetic resonance arts. It finds particular 
application in conjunction with split-top i nsertahl e radio frequency co1 1 s for 
m^gnpfir rf^f:.nr)Pinrf^ imaging of the head and neck and will be described with particular 
reference thereto. It is to be appreciated, however, that the present invention will 
also find application in other multiple coil techniques, spectroscopy, phased array 
coils, imaging for other than medical diagnostic purposes, and the like. 

BSPR: 

Conventionally, magnpfir rp^^nnanrf^ imaging systems generate a strong, uniform static 
magnetic field B.siob.O in a free space or bore of a magnet. This main magnetic field 
polarizes the nuclear spin system of an object in the bore to be imaged. The 
polarized object then possess a macroscopic magnetic moment vector pointing in the 
direction of the main magnetic field. In a superconducting main magnet assembly, 
annular magnets generate the static magnetic field B.siib.O, along a longitudinal or 
z-axis of the cylindrical bore. 

BSPR: 

To generate a magnptir rf^^snn^^nrp signal, the polarized spin system is excited by 
applying a radio frequency field B.siib.l, perpendicular to the z-axis. Typically, a 
radio frequency coil for generating the radio frequency field is mounted inside the 
bore surrounding the sample or patient. In a transmission mode, the radio frequency 
coil is pulsed to tip the magnetization of the polarized sample away from the z-axis. 
As the magnetization precesses around the z-axis back toward alignment, the 
precessing magnetic moment generates a magnetic resonance signal which is received by 
the radio frequency coil in a reception mode. 

BSPR: 

Birdcage coils, like other magnetic field coils, undergo mutual inductive coupling 
when positioned adjacent each other. As the coils approach each other, the mutual 
inductive coupling tends to increase lontil a "critical overlap" is reached. At the 
critical overlap, the mutual inductance drops to a minimum. As the coils are moved 
towards a complete coincidence from the critical overlap, the mutual inductive 
coupling again increases. See, "Optimized Birdcage Resonators For Simultaneous MRl of 
the Head and Neck", Leussler, SMRM, 12th Annual Meeting, Book of Abstracts, page 
1349 (1993) . 

BSPR: 

"Novel Two rhanriRl Volume Array Design For Angiography of the Head and Neck", 
Reykowski, et al . , SMR 2nd Annual Meeting, Book of Abstracts, pp. 216 (1994), 
discloses a birdcage coil in combination with two volumetric Helmlioltz coils arranged 
such that the B.sub.l fields of the two He1 mhol t.z coils are diagonal and 
perpendicular to one another. The two quadrature combined outputs, one from the 
birdcage coil and one from the hpI mhol t^. coils are interfaced to two channel s of the 
system. By orienting the two He1mho1 tz coils such that their B.sub.l fields are 
orthogonal, coupling is reduced and the noise correlation therebetween held to a 
minimum. However, when these two volume coils are overlapped with a quadrature head 
coil, they experience the same difficulties discussed above in conjunction with the 
multiple birdcage coils. That is, when different sampled geometries are introduced, 
the isolation between the individual volume Hel mhol tz coils and the head coil change, 
causing a change in isolation, resulting in an increased noise correlation between 
all coils and a lower combined signal-to-noise ratio. Manuf acturability of the coil 
is again complex and time-consuming. 

BSPR: 

"Head and Neck Vascular Array Coil For MRl", Srinivasan, et al., SMR 2nd Annual 
Meeting, Book of Abstracts, pp. 1107(1994) and the applicants' co-pending earlier 
filed related U.S. patent application Ser. No. 08/343,635, filed Nov. 22, 1994 
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'disclose a combination l^Mcage coil and quadrature volum^^pil pair. In the 
described coil design, t^i^coils maintained different curlB^ distributions with 
preferred mode orientations independent of one another. The coil consists of a 
birdcage coil and a quadrature volume coil pair. The quadrature volume coil pair 
consists of at least two surface coils of the distributed type, that maintain 
preferred mode orientations with respect to one another at all times. The birdcage 
coil maintains an eight-fold symmetry; whereas, the surface coil maintains a two- fold 
symmetry. After a nominal overlap is achieved between the coils of this design, only 
one iteration of tuning is required to retune all coils to the m;:^gnp>t-ir rpgnnanr^^ 
frequency. 

BSPR: 

In accordance with one aspect of the present invention, a magnptir rRsnnanrp 
apparatus is provided. A magnet generates a temporally constant, \iniform magnetic 
field through an examination region. At least one radio frequency coil performs at 
least one of transmitting radio frequency signals into the examination region to 
induce and manipulate resonance of dipoles therein and receives radio frequency 
signals from the resonating dipoles. A processor processes the received nnr^gnpt -i r 
rPFjonj^nrp signals. The radio frequency coil is characterized by including a first 
volume coil assembly and a second volume coil assembly. The second volume coil 
assembly is disposed contiguous to and partially overlapping the first volume coil 
assembly in a common overlap region. A first electrical circuit is mounted adjacent 
to and connected with the second volume coil assembly. A first coaxial lead extends 
from the first electronic circuitry past and contiguous to the first volume coil 
assembly to a region on the opposite side of the first volume coil assembly from the 
second volume coil assembly. A first coil-to-coil decoupling circuit is connected 
with the first coaxial cable for inhibiting the first and second volume coil 
assemblies from communicating along the first coaxial cable. 

BSPR: 

In accordance with another aspect of the present invention, a method of magner.i r. 
resonance imaging is provided. A temporally constant uniform magnetic field is 
generated through a head and neck examination region. Magnetic field gradients are 
applied across the examination region. Radio frequency signals are transmitted into 
the examination region to induce and manipulate mRgn^^tir rf^Rnnanrp of dipoles 
therein. Radio frequency signals are received from the resonating dipoles with a 
radio frequency coil assembly that has a first volume coil around the head region and 
a second volume coil around the neck region. The received radio frequency signals are 
processed into an image representation. The method is further characterized by the 
TTiagnRtir rRsnnaTirp> signals from the resonating dipoles in the patient's head and neck 
regions being received concurrently with the first and second volume coils to 
generate a volumetric image representation of the head and neck region. 

DRPR: 

FIG. 1 is a diagrammatic illustration of a mrignetic resnnanre imaging system with an 
1 nsertabl p head and neck coi 1 in accordance with the present invention; 

DEPR: 

An insertabl e radio frequency mi 1 4 0 is removably mounted in the bore in an 
examination region defined aroiind an isocenter of the magnet 10. In the embodiment of 
FIG. 1, the inser t ab! e radio frequency mi 1 is a head and neck ro-i 1 for imaging one 
or both of patient's head and neck. 

DEPR: 

An operator interface and control station includes a human -readable display, such as 
a video monitor 52, and an operator input means including a keyboard 54, a mouse 56, 
a trackball, light pen, or the like. A computer control and reconstruction module 58 
includes hardware and software for enabling the operator to select among a plurality 
of preprogrammed magnf^tir rp^^nnanrp sequences that are stored in a sequence control 
memory. A sequence controller 60 controls gradient amplifiers 62 connected with the 
gradient r:oi 1 assembly 30 for causing the generation of the G.s\±>.x, G.sub.y, and 
G.sub.z gradient magnetic fields at appropriate times during the selected gradient 
sequence and a digital transmitter 64 which causes a selected one of the whole body 
and 1 risertabl e radio frequency rni 1 g to generate B.sub.l radio frequency field pulses 
at times appropriate to the selected sequence. 

DEPR: 

With continuing reference to FIG. 1 and further reference to FIGS. 2 and 3, the 
preferred insert-abl e radio frequency mil 40 includes a birdcage coi 1 42 and a 
quadrature c oi 1 pair 44 including an upper or anterior_jCoil 44a and a lower or 
posterior coi 1 44b. The patient's head is received within the birdcage coil with the 
anterior coil 44a wrapping around the patient's upper shoulder onto the patient's 
chest and the posterior coil 44b wrapping around the lower side of the patient's 
shoulders and along the patient's back. Each of the coils has outputs for two linear 
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•modes, preferably orthoq^kl modes. The birdcage coil and^fce coils in the quadrature 
coil pair have capacito^B^^ inductive elements added at Impropriate locations such 
that each operates in a low pass, high pass, band pass, or band stop configuration. 

DEPR: 

In the preferred split-top embodiment, an upper half of the birdcage coil and the 
anterior coil are housed in a first or removable housing portion 80. To reduce 
claustrophobic effects on the patient, the upper housing portion has windows 82 
between adjacent legs of the birdcage coil. The upper housing portion is removably 
received on a lower housing portion 84 which rests on the patient support. The upper 
and lower housing portions are interconnected by mechanical pins or connectors (not 
shown). Electrical connectors 86, such as pin, contacts, capacitive couplings, or the 
like, which may be the same as the mechanical pin or connector assemblies, 
electrically interconnect end rings 88a, 88b of the birdcage coil 42. Preferably, a 
mechanical latch 90 holds the first and second portions of the i nc;f^rt;^hl rn-i 1 
assembly together. Adapter tabs or other interconnectors (not shown) are associated 
with the 1nserr.fib1e roil and the patient support to assure accurate alignment of the 
head noi 1 assembly with the mi^gnerir: resonance system. An electrical plug or socket 
92 is disposed adjacent a rear end of the Insertahle coil for interconnection with a 
matching socket or plug arrangement in the patient support. This enables built-in 
cable handling assemblies to be provided below the patient support to facilitate 
operation and use. Although not shown, it is understood that pads are also provided 
within the coil to immobilize the patient during scanning and to help with patient 
comfort . 

DEPR: 

With particular reference to FIGS. 3, 4, 4A and 4B, the head portion of the coil is 
of a birdcage design. The anterior neck coil 44a is etched on a flexible PC board 94a 
and mounted on its respective coil former. The coil former and PC board are fastened 
into the upper housing 80 after the appropriate overlap has been set. The PC board 
also carries an electronic assembly 96a including matching and decoupling 
electronics, a preamplifier protection circuit, a preamplifier, and a coaxial cable 
support assembly. The anterior neck coil is tuned and matched to the magnpti r 
rf^sonanrfi frequency prior to overlapping with the birdcage coil 42. A 50 Ohm coaxial 
cable 98a passes through an S-shaped or extension region 100a, rides on a support 
bridge 102a that originates on the anterior neck side and extends along a central 
plane of the birdcage head coil, and connects to a decoupling circuit 104a. The 
decoupling circuit is located beyond or rearward of a guard ring 106 of the birdcage 
coil. The shield of the coaxial cable past the anterior decoupling circuit 104a is 
connected to the guard ring. As illustrated in FIG. 5, the anterior coaxial cable 
navigates over the guard ring to the bottom of the coil assembly to an interconnect 
or output board 108 and the plug or socket 

DEPR: 

With reference to FIG. 7, the neck and birdcage coils are each tuned 110, 112 and the 
orientation of their B.sub.l fields is adjusted 114, 116. The tuned coils are 
overlapped 118 a selected amount, e.g., to a point of minimum mutual inductance. The 
S-shaped extension region 100a, 100b of the cables facilitate ready positioning of 
circuit boards 94a, 94b relative to the birdcage coil. Once overlapped to the 
selected point, the coils are fixed together 120. The birdcage coil and the neck 
coils are retuned 122, 124 in a single iteration to the magnf^f-ir rf^snnanrp frequency. 
In most cases, the birdcage coil needs most of the retuning and the neck coil little 
or none. The extent of the retuning depends mainly on the proximity of the coaxial 
cables 98a and 98b to the birdcage coil 42. In most cases, the neck coil frequencies 
remain the same. Because only one iteration is needed to retune all coils to the same 
magnetic resonance frequency after achieving the selected overlap, the number of 
steps needed for optimization during manufacturing is reduced. 

DEPR: 

With reference to FIGS. 8A, 8B, and 8C, the anterior and posterior decoupling 
circuits 104a and 104b each include a housing having a top cover 130a and a bottom 
cover 130b within which a circular spool 132 is supported. The coaxial cable extends 
through a first immobilizer or guide 134a, around the spool, and exits by a second 
immobilizer or guide 134b. Fixed and variable capacitors are soldered across the 
turn(s) of the coaxial cable to tune the decoupling circuits close to the m^gnpti r 
rpRonr^nr-p frequency. When the top and bottom covers are closed, the immobilizers grip 
the coaxial cable sufficiently tightly that it is locked against sliding into or out 
of the housing. The immobilizers not only reduce any torque from being transmitted to 
the electronics within the decoupling circuit, but also protect against changes in 
inductance due to changes in the tightness of the winding around the spool . After the 
decoupling circuit housing is closed, a sheet of copper foil 136 is wrapped around 
the housing and the immobilizers. Once the decoupling circuit is positioned in place, 
the foil is pierced through a small hole 138 to gain access to a trimming capacitor 
and the decoupling circuit is timed to rh^^ m;^gnpM r rpRonanrfq frequency. After fine 



3 of 7 



'timing, the access openi^^to the trimming capacitor is fo^^ covered as well. The 
foil covering functions l^ra radio frequency shield to isfl^Pie the decoupling tank 
circuit (FIG. 8C) for efficient decoupling circuit operation. 

DEPR: 

Tuning the decoupling circuits to the magnet ic resonanrp frequency serves two major 
functions. The primary function is to present a high impedance (Z) for currents 
flowing in the shields of the coaxial cables during RF transmit. This prevents the 
formation of closed loops inside the magnet bore. The second function of each 
decoupling circuit is slightly different. The posterior neck coil has its second mode 
tuned to the magnetic resonance frequency. The posterior decoupling circuit isolates 
the currents flowing in the region where the shield of the coaxial cable is exposed 
to the birdcage coil from the currents flowing in the shield exposed to the posterior 
neck coil. 

DEPR : 

For the coaxial cable 98a above the anterior neck coil 44a, the central plane is a 
plane of symmetry. That is, the central plane is a virtual ground. The anterior neck 
coil has its first, primary mode tuned to the magnetic repionflnce frequency. The 
anterior coaxial cable is transparent to the anterior neck coil. However, when the 
coaxial cable is guided across the birdcage coil 42, the cable is no longer at a 
virtual ground plane and currents are induced in its shield. These circulating 
currents are sixbstantially attenuated by the anterior decoupling circuit 104a. Again, 
the anterior decoupling circuit is before the guard ring 106 of the birdcage coil. 
This stops induced RF currents on the shield of the anterior coaxial cable from being 
communicated to the guard ring through the shorting connection. The guard ring is 
also broken by shorting capacitors (not shown) to reduce gradient induced eddy 
currents. The decoupling circuits are shielded to minimize their interaction with the 
body coi 1 36 during RF transmit, with the individual coils in the inp;f^rtablR roil 40, 
and to reduce any irradiation segments of shields of the straight segments of the 
coaxial cable. 

DEPR: 

Additional decoupling circuits may also be employed to provide further barriers to 
the transmission of stray radio frequency signals. If the decoupling circuits are 
eliminated completely, the coaxial cables would carry currents in their shields. 
Further, the interaction between the coils in the array would not be minimized. 
Rather, the two coils would talk to each other through the shield, causing a 
disadvantageous transfer of noise between the coils. The presence of the decoupling 
circuits as illustrated maintains the signal-to-noise ratio of the coils in its 
different operating modes within a few percent. The signal-to-noise ratio and 
uniformity of the illustrated Insertable coil is similar to that of a standard 
quadrature head coi 1 without neck cni 1 s . The signal-to-noise ratio of the posterior 
neck coil is similar to that of a C-spine element in a cervical- thoracic- lumbar array 
coil. However, the coverage of the neck coils is greater in the present design. 

DEPR : 5 

The coils 42, 44 are actively decoupled during body transmit. The coil is interfaced 
to the magnRtir rpsonanrp system via an interface, such as the interface shown in 
U.S. application Ser. No. 08/286,780, filed Aug. 5, 1994. Individual channel device 
drivers in the system transmit/receive interface circuit are programmed to provide 
different sets of voltages in the three operating modes for the i nsertabl e radio 
frequency coi 1 40, viz, the head only, neck only, and head and neck mode. In the head 
mode, the neck coils are actively decoupled and only the head coil is resonant at the 
magnetir rp^rtn^^nrf^ frequency. Similarly, in the neck mode, the head coil is actively 
decoupled and only the neck coils are resonant at the magnetic rfisonanrf^ frequency. 
In the head and neck mode, all coils in the inRertahle radio frequency rni l 40 are 
resonant at the larmor frequency and receive magnetic resonance signals. 

DEPR: 

The electrical circuits- 96a, 96b of the preferred embodiment include a preamplifier 
and output for the anterior neck coil and a preamplifier and output for the posterior 
neck coil. A birdcage coil output circuit 96c includes two preamplifiers connected to 
the birdcage coil to provide 90. degree., quadrature outputs. These four preamplified 
signals in the illustrated embodiment are conveyed to the radio frequency receiver 66 
which demodulates the four resonance signals. Alternately, the quadrature resonance 
signals can be shifted by 90. degree, and combined at the insertabl e coi 1 rather than 
after demodulation. As yet another alternative, the signals can be digitized at the 
surface coil and digital signals sent to the receiver. 

DEPR: 

With reference to FIG. 10, a birdcage coil 150 with a pair of quadrature outputs 
provides uniform head coverage. Two loop type coils 152a, 152b provide anterior neck 
and arch coverage. Hel mhnl tz and loop type coils 154a, 154b provide uniform posterior 
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"neck coverage. The birdc^^, the anterior neck coils, and^^p posterior neck coils 

may each be interfaced v^BK one or two rhannel s of the reolP/er to operate singly or 
in various combinations as discussed above. Other alternate embodiments include 
birdcage coils that have other than eight-fold symmetry and neck coils with other 
than two- fold symmetry. The birdcage coil may be circularly cylindrical, p1 1 ^p^^ r^;^! iy 
cylindrical, or have other geometries. The neck coil is contoured in such a way as to 
provide a high signal-to-noise ratio and uniform coverage over its imaging field of 
view. The coils in the volume quadrature pair can also be of the loop type, Hf^imhni t-7 
type, Figure-8 type, distributed type, or combinations thereof. The signals from the 
individual coils can be combined prior to or after quadrature combination or prior to 
or after preamplif ication. The signals may also be combined digitally post-data 
acquisition. As another alternative, the individual coils may be tuned to one or more 
selected magnetic resonr^nre frequencies. In yet another alternate embodiment, the 
birdcage volume coil is combined with several quadrature pairs in a cascade manner to 
cover an elongated anatomy lander investigation. Decoupling circuits of other designs 
for inhibiting the flow of radio frequency currents and different numbers of 
decoupling circuits may also be utilized. The i nsf^rt^hl r mi 1 need not be in a split 
mechanical package. For example, the coil may be slid over the patient's head and 
neck or other portions of the patient's anatomy as may be appropriate to the coil 
design and application. 

CLPR: 

1. In a magnf^f-ir rRsnnanrf^ apparatus which includes a magnet for generating a 
temporally constant, uniform magnetic field through an examination region, a radio 
frequency coil which performs at least one of (1) transmitting radio frequency 
signals into the examination region to induce and manipulate resonance of dipoles 
disposed therein and (2) receiving radio frequency signals from resonating dipoles in 
the examination region, and a processor for processing the received magnf^t -i r 
rpsnn^^DPf:^ Signals, the radio frequency coil including: 

CLPR: 

2. In the magner.ir rppmnr^nrp apparatus as set forth in claim 1, the second coil 
assembly including a first coil connected with the first coaxial cable and a second 
coil, the radio frequency coil further including: 

CLPR : 

3. In the magnRtir rpRonanrf^ apparatus as set forth in claim 2, the second 
coil-to-coil decoupling circuit is disposed in a common plane with the overlap 
region. 

CLPR: 

4. In a magnetic resonance apparatus which includes a magnet for generating a 
temporally constant, uniform magnetic field through an examination region, at least 
one radio frequency coil which performs at least one of (1) transmitting radio 
frequency signals into the examination region to induce and manipulate resonance of 
dipoles disposed therein and (2) receiving radio frequency signals from resonating 
poles in the examination region, and a processor for processing the received magnetic 
rf^psnrtRnrf^ signals, the radio frequency coil including 

CLPR: 

5. In the magnf^t-ir rf^son^^nrp^ apparatus as set forth in claim 2, the second 
coil-to-coil decoupling electronic circuit being disposed substantially in a common 
plane with the overlap region. 

CLPR: 

6. In a magripf.-ir rpsnnanr^ apparatus which includes a magnet for generating a 
temporally constant, uniform magnetic field through an examination region, a radio 
frequency coil which performs at least one of (1) transmitting radio frequency 
signals into the examination region to induce and manipulate resonance of dipoles 
disposed therein and (2) receiving radio frequency signals from resonating dipoles in 
the examination region, and a processor for processing the received magnetic 
reannanrp signals, the radio frequency coil including: 

CLPR: 

7. In a magnetic resonance apparatus which includes a magnet for generating a 
temporally constant, uniform magnetic field through an examination region, a radio 
frequency coil which performs at least one of (1) transmitting radio frequency 
signals into the examination region to induce and manipulate resonance of dipoles 
disposed therein and (2) receiving radio frequency signals from resonating dipoles in 
the examination region, and a processor for processing the received magnetic 
resonance signals, the radio frequency coil including: 

CLPR : 

8. In a magnpfir rp^c^nriRnrf^ apparatus which includes a magnet for generating a 
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temporally constant, un:jJ^m magnetic field through an e^^B^ation region, a radio 
frequency coil which pe:^Pms at least one of (1) transmi^^ig radio frequency 
signals into the examination region to induce and manipulate resonance of dipoles 
disposed therein and (2) receiving radio frequency signals from resonating dipoles in 
the examination region, and a processor for processing the received magnet i c 
r^gnn^nrp signals, the radio frequency coil including: 

CLPR: 

9. A radio frequency coil for at least receiving magnetic resonance signals, the 
radio frequency coil comprising: 

CLPR: 

10. A radio frequency coil for at least receiving m;^gT^p^^r Tre^cznr\finr(=> signals, the 
radio frequency coil comprising: 

CLPR: 

11. A radio frequency coil for at least receiving magnetic resonance signals, the 
radio frequency coil comprising: 

CLPR: 

16. A radio frequency coil for receiving magnetic resonance signals, the radio 
frequency coil comprising: 

CLPR: 

17. In a method of magnpf-ir rf^sr>n;^nrf^ imaging in which a temporally constant uniform 
magnetic field is generated through a head and neck examination region, magnetic 
field gradients are applied across the examination region, radio frequency signals 
are transmitted into the examination region to induce and manipulate magnet i c 
rppirtriA^nrf^ of dipoles therein, radio frequency signals are received from the 
resonating dipoles with a radio frequency coil assembly that has a first coil 
assembly around the head region and a second coil assembly around the neck region, 
and the received radio frequency signals are processed into an image representation, 
the improvement comprising: 

CLPR: 

18. In the magnetic resonance imaging method as set forth in claim 17, the 
improvement further comprising: 

CLPR: 

19. In the magnetic resonance imaging method as set forth in claim 17, the 
improvement further comprising: 

CLPR: 

20. In the magnetic resonance imaging method as set forth in claim 17, the 
improvement further comprising: 

CLPR: 

21. In the magnetic resonance imaging method as set forth in claim 17, the 
improvement further comprising: 

CLPR: 

22. In a method of magnetic resonance imaging in which a temporally constant ixniform 
magnetic field is generated through a head and neck examination region, magnetic 
field gradients are applied across the examination region, radio frequency signals 
are transmitted into the examination region to induce and manipulate magnetic 
resonance of dipoles therein, radio frequency signals are received from the 
resonating dipoles with a radio frequency coil assembly that has a first coil 
assembly around the head region and a second coil assembly around the neck region, at 
least one coaxial lead extends from the second coil assembly along the first coil 
assembly and has a radio frequency decoupling circuit of adjustable frequency 
therein, and the received radio frequency signals are processed into an image 
representation, the method comprising: 

CLPR : 

23. A magnetic resonance method comprising: 
CLPR: 

24. The magnetic resonance method as set forth in claim 23 further including: 
CLPV : 

a coil-to-coil decoupling circuit connected with the coaxial lead for inhibiting the 
first and second volume coil assemblies from coupling to each other along the coaxial 
cable while receiving the ma g neti c re sonance signals such that cross-talk between the 
first and second volume coil assemblies is inhibited. 
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6lPV: 

receiving magrxaj-ir rpfiortr^nrp signals from resonating dipoles in at least one of the 
head and neck regions with corresponding first and second volume coil assemblies; 

CLPV: 

positioning a patient's head and neck in the first and second coil assemblies in 
preparation for inducing mr^gnRnir: rpsonance. 

CLPV: 

adjusting the frequency of the decoupling circuit to match a received magnet i c 
T-Acrtnanrf^ frequency to prevent the first and second coil assemblies from coupling; 
and 

CLPV: 

receiving m;:^gnf^rir rf>cinr^?^r\rf> signals from resonating dipoles in at least one of the 
head and neck regions with corresponding first and second coil assennblies to generate 
a volumetric image representation of at least one of the head and neck regions. 

CLPV: 

tuning a birdcage coil which is mounted on a dielectric former to a magnet i r. 
resonance frequency; 

CLPV: 

tuning neck coils that are mounted on dielectric formers to the magnetir resonance 
frequency; 

CLPV: 

exciting resonance of selected dipoles within the patient's head and neck such that 
the dipoles generate magnet in resonance signals; 

CLPV: 

receiving the magrt^tir rp^snn^^nr^ signals with at least one of the birdcage and neck 
coils . 

ORPL: 

••The NMT? Phased Array", Roemer, et al . , Academic Press, Inc. 1990 Magnetic Resonance 
in Medicine 16, 192-225 (1990). 

ORPL: 

"Optimized Birdcage Resonators for Simultaneous MRT of Head and Neck", Leussler, SMRM 
1993, p. 1349. 

ORPL: 

"An Efficient, Highly Homogenous Radiof requency Coil for Whole-Body NMR Imaging at 
1.5 T", Hayes, et al . , pp. 622-628. 
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"Head and Neck Vascular Array Coil For MRT" , Srinivasan, et al . , Society of Magnet 1 c 
Rpsnnr^ncR, 2nd Annual Meeting, San Francisco, CA (1994) p. 1107. 
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"Novel Two Phannpl Volume Array Design for Antiography of the Head and Neck", 
Reykowski, et al . , SMR 2nd Annual Meeting, San Fransisco, CA (1994) p. 216. 

ORPL: 

" Quadrature -Headcoil and He1 mho1 tz-Type Neckcoil--An Optimized RF Antenna-Pair For 
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BSPR: 

The present invention relates to the art of magnetic field gradient 
generation. It finds particular application in conjunction with 
establishing gradient magnetic fields in magnet -ir rp.qonpnrf=> imaging 
techniques and will be described with particular reference thereto. It 
is to be appreciated, however, that the invention will also find 
application in spectroscopy and other processes and apparatus in which 
accurate and predictable magnetic field gradients are established or 
maintained. 

BSPR: 

In magnetic resonance imaging, a uniform magnetic field is created 
through an examination region in which a subject to be examined is 
disposed. A series of radio frequency pulses and magnetic field 
gradients are applied to the examination region. Gradient fields are 
conventionally applied as a series of gradient pulses with preselected 
profiles. These radio frequency and gradient pulses excite m;^gnf=>fi r 
resonance, phase and frequency encode the resonance, and cause phase 
and frequency encoded magnetic rfi^onanrp signals to be emitted. 



More specifically, the gradient magnetic pulses are applied to select 
and encode the magnetic resonance. In some embodiments, the magnetic 
field gradients are applied to select one or more planes or slices to 
be imaged. Gradient field pulses are also applied for selectively 
modifying the uniform magnetic field to encode frequency and phase into 
the magnetization, hence the resonance signals, in order to identify a 
spatial location. 

BSPR: 

The magnetic resonance signals are then processed to generate two or 
three dimensional image representations of a portion of the subject in 
the examination region. The accuracy of the resultant image 
representation is dependent upon the accuracy, among other factors, 
with which the actually applied magnetic field gradient pulses conform 
to selected gradient pulse profiles. 

BSPR: 

Linear magnetic field gradients are commonly produced by cylindrical 
gradient field coils. Discrete coils are wound in a bunched or 
distributed fashion on a large diameter hollow right cylinder tube, 
commonly 65 centimeters in diameter or larger. Conventional bunched 
geometries include Maxwell or modified -Maxwell pairs for z-gradient 
production and single or multi-arc Golay saddle coils for x and y 
gradient production. The coils are normally wound in a series 



BSPR: 
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arrangement and posi^oned to give a magnetic filR profile with the 
desired linearity over a predefined volume. The distributive windings 
on the cylinders are generally wound and in pairs and driven 
anti-symmetrically . The coils are driven in an ant i- symmetric manner 
such that only odd derivatives are non-zero at the coil origin. The 
first derivative is the field gradient while the thi rd and higher order 
derivatives represent distortion. If the diameter of the cylinder and 
coil placement are chosen properly, the tbi rd derivative is canceled at 
the origin making the relatively weak fifth derivative component the 
first distortion term. 



BSPR: 

For maximum efficiency, it would be advantageous to reduce the diameter 
of the gradient coil cylinders to be as close as possible to the 
subject, provided gradient linearity can be maintained. The required 
energy for field gradient production varies roughly as a fifth power of 
a gradient coil cylinder diameter in free space. In an actual magnpti r 
resonance imager, the gradient coils interact with other adjoining 
structures, such as radiation shields of superconducting magnets, 
making the relationship somewhat greater than the fifth power. Thus, 
reducing the coil size has a dramatic effect on power consumption. 

BSPR: 

In accordance with a more limited aspect of the present invention, each 
double spiral includes a larger ring of coils disposed symmetrically 
relative to the central axis, a smaller ring of coils axially offset 
from the first ring of coils, and a third ring of coils surrounding the 
first and second rings. 

BSPR: 

In accordance with a further aspect of the present invention, the axial 
gradient coil includes a first, denser group of coils adjacent one edge 
of the coil, a second, less dense group of windings adjacent the first, 
a th i rd, more dense group of windings adjacent the second, and a 
fourth, less dense group of windings adjacent the thi rd . 

BSPR: 

In accordance with a still more limited aspect of the present 
invention, the first and third coil winding groups include windings 
with opposite current flows. 

DRPR: 

FIG. 1 is a diagrammatic illustration of a magnf^tin irR.PinnRr\rf^ imaging 

apparatus with a magnetic field gradient coil in accordance with the 
present invention; 

DEPR: 

A resonance excitation means includes a radio frequency transmitter 42 
for generating radio frequency pulses of the appropriate frequency 
spectrum for inducing resonance in selected dipoles disposed in the 
examination region. The radio frequency transmitter is connected to a 
radio frequency antenna 44 disposed adjacent the examination region for 
transmitting radio frequency pulses into a region of interest of the 
patient or other subject in the examination region. Although the radio 
frequency antenna is illustrated as being disposed peripherally around 
the gradient coil assemblies, it is to be appreciated that such antenna 
may also be disposed within the gradient coil assemblies. For example, 
a surface coil may be positioned contiguous to an examined patient or 
subject for controllably inducing magne.t-i r Tf^f^nr^^imc^ in a selected 
contiguous region of the patient. 
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DEPR: 

A magnetic resonance receiving means 50 includes the radio frequency 
coil 44 which receives, as well as transmits, radio frequency signals 
in the illustrated embodiment. For other studies, separate transmit and 
receive coils are used. For example, receive only surface coils may be 
disposed contiguous to a selected region of the patient to receive 
resonance signals induced by the radio frequency coil 44. A radio 
frequency receiver 52 receives the radio frequency signals from the 
antenna 44. The received radio frequency signals are demodulated and 
reconstructed into an image representation. More specifically, a 
Fourier transform means 54 performs an inverse two-dimensional fast 
Fourier transform on the magnpti r rpsonp^nrp signals to transform them 
into an image representation for storage in an image memory means 56. 
As is conventional in the art, the image may represent a planar slice 
through the patient, an array of parallel planar slices, a three 
dimensional volume, or the like. A display means 58, such as a video 
monitor, provides a man-readable display of the resultant image. Other 
conventional processing equipment, which is conventional in the art, is 
omitted from the illustration for simplicity. 

DEPR: 

With reference to FIG. 2, the z-gradient coil 22 includes a plurality 
of distributed windings encircling the z-axis. The distributed windings 
include a first loop array 70 adjacent the first end 32. The first loop 
array is a relatively dense winding assembly in which most of the 
windings convey current in a first (counterclockwise in the illustrated 
embodiment) direction. However, at least one of the windings 72 
disposed closely adjacent an edge of the z-gradient coil conducts 
current in an opposite direction. A second group of windings 74 is 
disposed adjacent an interior edge of the first loop array. The second 
loop array is relatively sparse compared to the first loop array. A 
t" - hir(i loop array 76 is disposed adjacent an interior edge of the second 
loop array. The thi rd loop array is divided between loops 78 carrying 
current in the first and loops 80 carrying current in a second, 
opposite direction (clockwise in the illustrated embodiment) . 

DEPR: 

A fourth, relatively sparse loop array region 82 and a fifth loop array 
region 84 are disposed adjacent the tb-irr^ loop array. Currents in the 
f<^^ 3 T-f - h loop array region and the fifth loop array are directed in the 
second, clockwise direction. A sixth loop array 86 is disposed adjacent 
the fifth loop array at an opposite end of the z-gradient coil. 
Currents through the sixth loop array are primarily in the second 
direction. 

DEPR: 

With reference to FIG. 3, the x and y-gradient coils each include two 
windings disposed symmetrically on opposite sides of a plane along the 
2-axis. Each winding of the x and y-gradient coil includes a first, 
peripheral array of loops 90 through which current flows in a first 
(counterclockwise in the illustrated embodiment) direction. The first 
loop array bellies-in 92 adjacent the first end 32, i.e. adjacent the 
examination region, and fans out 94 away from the examination region 
12. Each loop array further defines a second or major interior loop 96 
in which currents flow in the first direction and a ^h-i loop array 98 
in which the currents also flow in the first or counterclockwise 
direction. The two interior loop arrays 96, 98 are disposed generally 
symmetrically about a central axis of the coil with the major interior 
loop array disposed offset toward the first end 32 and the minor 
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interior loop array W disposed between the maj^rloop and the first 
end of the gradient coil . 



DEPR: 

The coils are preferably wound with a conductor of rectangular 
cross-section with the turns lying alongside of one another in a 
direction parallel to the axis of the cylindrical volume which they 
surround. It will be appreciated that while referring to the embodiment 
of FIG. 4, the cylindrical volume is of circular cross-section, this is 
not necessary. In other embodiments of the invention, the volume may 
have other cross-sections, particularly an p1 1 iph-ir;^1 ^rn.qfi -gf:.r^ r>n 

DEPR: 

With reference to FIG. 6, the formers 60, 62 are shaped with an ^1 1 ipPiP 
or ovoid cross sectional shape which better matches the_crosa- section 
of the patient's head or other body region that is to be imaged. The 
x-gradient coil windings become elongated in the y-direction, but are 
otherwise unchanged. Analogously, the y-coils become compressed in the 
x-direction, if the minor axis of the ellipse is smaller than the 
radius of the circle. 

CLPR: 

I. A magnetic resonf^nre imaging apparatus comprising: 
CLPR: 

5. The apparatus as set forth in claim 4 wherein the first, th-irH, and 
fifth loop arrays have a higher current flux density than the second 
and sixth current loop arrays. 

CLPR: 

8 . The apparatus as set forth in claim 7 wherein the first loop array 
bellies-in adjacent the third loop array and fans-out adjacent a second 
end of the coil . 

CLPR : 

II. The apparatus as set forth in claim 10 wherein the first and second 
cylindrical formers are generally Rlliptir;^! -in rrnPiPi -.q^r-h i r^n 

CLPR: 

18. A gradient coil for a maan^t-ir rfiflnnp^nr^ apparatus, the gradient 
coil comprising: 

CLPR: 

20. A gradient coil for a magnf^tir; irRRnn^^nnc^ apparatus, the gradient 
coil compr i s ing : 

CLPR: 

21. The gradient coil assembly as set forth in claim 20 further 
including a current supply for supplying current to the loop arrays 
such that the first and second loop arrays have a primary current flow 
in a first circumferential direction, said fifth loop array has a 
primary current flow in a second circumferential direction opposite the 
first, and the third loop array has current flows in both the first and 
the second circumferential directions. 

CLPR: 

23. A gradient coil for a magnptir! irf=^finn^r\nf^ apparatus, the gradient 
coil comprising: 

CLPR: 
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24. A magnpt-ir! rfip;nn;^??np method comprising: 



CLPR: 

25. A coil set in a magnetic rftfionf^nre apparatus for imposing on a 
magnetic field in a cylindrical volume in which an object to be 
examined is placed in use of the apparatus a gradient in a direction 
transverse to the axis of the volume, the coil set effectively 
comprising a pair of coils correspondingly positioned around said 
volume diametrically opposite one another, each of said coils having an 
axial end portion in which the conductors of the coil are spaced apart 
axially, and which is substantially radially aligned with said volume. 

CLPR: 

30. A magnetic reRonancf! apparatus comprising: 
CLPR: 

31. A z-gradient coil for generating magnetic field gradients along a 
z-axis through an examination region of a magnf^tin rf^son;:)nrp^ apparatus, 
the z-gradient coil comprising: 

CLPR: 

32. A magnpti r rfif=!on;=inop^ apparatus comprising: 
CLPV: 

s magnetic reffonanre excitation means for selectively exciting_niagiieLir: 
resonance in dipoles disposed in the examination region; 

CLPV: 

a z-gradient coil disposed generally along a cylindrical surface 
extending circumf erentially around a central axis for generating linear 
magnetic field gradients across the examination region in a thi rd 
direction generally parallel to the central axis, 

CLPV: 

^ magnetic reRonnince signal receiving means for receiving magnet -ir 
resonance signals from the resonating dipoles; and, 

CLPV: 

a processing means for processing the magnptir irf^<:inn::ir^n(=^ signals. 
CLPV: 

a thi rd loop array disposed adjacent the second loop array; 
CLPV: 

a fourth loop array region disposed adjacent the thi rd loop array; 
CLPV: 

a fifth loop array disposed adjacent the fourth loop array region; and, 
CLPV: 

a coil current supply means for supplying currents through the first, 
second, third, and fifth loop arrays such that (a) the first loop array 
has a current density primarily in a first circumferential direction, 
(b) the second loop array has a net current flux in the first 
circumferential direction, the second loop array having a smaller net 
current flux density than the first loop array, (c) the thi-rH loop 
array has current fluxes in the first circumferential direction and in 
a second circumferential direction opposite to the first,. and (d) the 
fifth loop array has a net current flux in the second circumferential 
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direction. 



CLPV: 

a third loop array disposed within the peripheral first array between 
the second loop array and a first end. 

CLPV: 

a third loop array disposed adjacent the second loop array; 
CLPV: 

a fourth loop array region disposed adjacent the thirH loop array; 
CLPV: 

a fifth loop array disposed adjacent the fou-rth loop array region; and 
CLPV: 

a current supply means for supplying currents through the first, 
second, third , and fifth loop arrays such that the first loop array has 
a current density primarily in a first circumferential direction, the 
second loop array has a smaller net current flux than the first loop 
array in the first circumferential direction, the tbi -rri loop array has 
current fluxes in the first circumferential direction and in a second 
circumferential direction opposite to the first, and the fifth loop 
array has a net current flux in the. second circumferential direction. 

CLPV: 

a th1 rd loop array disposed adjacent the second loop array; 
CLPV: 

a fourth loop array region disposed adjacent the th-i t-H loop array; 
CLPV: 

a fifth loop array, the first, f.hi rd, and fifth loop arrays having 
denser winding pattern than the second loop array and the fourth loop 
array region. 

CLPV: 

a pair of windings disposed opposite each other across the cylindrical 
former, each of the windings having a first, outer spiral winding which 
bows in adjacent a first end of the cylindrical former and fans out 
adjacent a second end of the cylindrical former, a second spiral 
winding and a third spiral winding, the second and thi rd spiral 
windings being disposed adjacent to each other and within the first 
spiral winding, the second and third spiral windings being offset 
towards the first end of the former. 

CLPV: 

exciting dipoles in the examination region to magnptir ■rf^!:ir,r\!:*r\ne^ ; 
CLPV: 

passing currents along a multiplicity of circumferential currents paths 
defined by the gradient coil assembly with an asymmetric current 
density which is denser adjacent the examination region to generate 
gradient magnetic fields along a thi -rd direction through the 
examination region. 

CLPV: 

a magnet ir rftsnnanrp excitation means for selectively exciting_iiiagiielLic 
refionanrp in dipoles disposed in the examination region; 
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CLPV: 

a magnetic refionance signal receiving means for receiving^jnagnelLLC 
resonance signals from the resonating dipoles; and, 

CLPV: 

a processing means for processing the magrtf^h-ir! rPFinnp^nr-f^ signals. 
CLPV: 

a magnetic refionr^ncp excitation means for selectively exciting_jiiagnetic 
resonance in dipoles disposed in the examination region; 

CLPV: 

a magnetic resonance signal receiving means for receiving magnpfir 
resonance signals from the resonating dipoles; and 

CLPV: 

a processing means for processing the magnfit-ir rRflonanr^ signals. 
ORPL: 

P. Mansfield and P, G. Morris, "NME Imaging in Biomedicine" , Academic 
Press, 1982. 
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ABPL: 

A method and apparatus for automatically stabilizing the magnetic field 
produced by a coil, the stabilization being effected by connecting 
between the ends of the coil an electronic device which provides a 
negative resistance which is equal in magnitude to the resistance of 
the path over which current flows through the coil, so that the 
resistance between the coil ends is essentially y.^.m find flnx 
disturbances are automatically compensated by the counterflux induced 
in the coil by such disturbances. 

BSPR: 

In the apparatus of the present invention the excitation coils 
themselves take over the function of detection as well as of correction 
of field or flux fluctuations so that further detection and/or 
correction coils become unnecessary. The described self-contained 
correction system may be combined with other stabilization methods such 
as, for example, stabilization by means of nuclear magnptir: rf>flon;^nrR . 

DEPR: 

A second embodiment is shown in FIG. 5. Here, for example, the field of 
a pair of H€^1 mhnl t.^. coils 1, 1 is to be stabilized. 

DEPR: 

An essential characteristic of Hr1 mhnl 1 7. coils is that the currents 
through the two coils be identical. This can be achieved by connecting 
them in series or by connecting them in parallel, as shown, and 
providing suitable, well-known means for regulating the currents 
through them. The electronic means 2 of the present invention are 
disposed between the ends of the parallel -connected coils 1, 1. To feed 
the coils, a current is produced in a current supply source 3 and 
applied to the coils. This current can also be used to modulate the 
intensity of the magnetic field, for example, to give it a sinusoidal 
or sawtooth time variation, if the current supply source is provided 
with suitable current modulators. 

DEPR: 

One embodiment for such a combination of stabilization techniques is 
shown in FIG. 9. The coils 1 feed an electromagnet having a core and 
pole pieces 4. Feeding by device 3 and stabilization by means 2 occur 
as described above. In the field between the pole pieces there is a 
nuclear magnet ir rf^Aonanrp measuring head 8 whose output leads to a 
measuring device with a transmitter 9. In this measuring device a 
disturbance signal is produced which originates from a deviation in the 
transmitting frequency of the nuclear resonance head 8 from the 
resonant frequency of the employed material in the given magnetic 
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field. This disturbance signal is fed to the coiSPl in the form of a 
disturbance current and thus effects a correction of the field. The 
embodiment is distinguished by the fact that a disturbance current 
signal which originates from another stabilization device, mainly from 
a nuclear resonance field stabilization device, is fed into the 
short-circuit connection of the coil. 

CLPR: 

9. An arrangement as defined in claim 8 wherein said additional field 
stabilizing device operates according to the principle of the nuclear 
magnet ic resonance . 



2 of 2 



Generate Collection 



Search Results - Record(s) 1 through 1 of 1 returned. 



O 1. Document ID: US 6214019 Bl 
L14: Entry 1 of 1 
US-PAT-NO: 6214019 



File: USPT 



Apr 10, 2001 
DOCUMENT- IDENTIFIER: US 6214019 Bl 

TITLE: Convergent magnetic stereotaxis system for guidance to a target 
DATE- ISSUED: April 10, 2001 



INVENTOR- INFORMATION ; 
NAME 

Manwaring; Kim H. 
Manwaring; Mark L. 



CITY 

Provo 

Pullman 



STATE 

UT 

WA 



US -CL- CURRENT: fiOfi/l ^0 

FFrt-aB fiCVri^fcSTl" 

I. S mf.. HI 



ZIP CODE 

N/A 

N/A 



COUNTRY 

N/A 

N/A 



Wrt- 



Generate Collection 



Term 


Documents 


ELLIPSE.DWPI,TDBD,EPAB,JPAB,USPT,PGPB. 


25832i 


ELLff SES .D\wi,fD^^^^ 


46211 


ELLIPTICAL.DWPI,TDBD,EPAB,JPAB,USPT,PGPB. 


668261 


ELLIPTICALS 


oj 

8138] 


ELLffTICALLY.DWPI,TDBD,EPAB,JPAB,USPT,PGPB. 


ELLIPTICALLIES 




ELLIPTICALLYS 


o| 


(1 1 AND (ELLIPTICALLY OR ELLIPSE OR 
ELLIPTICAL)).USPT,PGPB,JPAB,EPAB,DWPI,TDBD. 


l| 

\ 



Display j I 50 | Documents, starting with Document: 



Li. 



Display Format : 



CIT 



Change Format 



lof 1 



( Generate Collection "| 
Search Results - Record(s) 1 through 3 of 3 returned. 



O 1. Document ID; US 5659281 A 

L18: Entry 1 of 3 File: USPT Aug 19, 1997 
US-PAT-NO: 5659281 

DOCUMENT- IDENTIFIER: US 5659281 A 

TITLE: Structured coil electromagnets for magnphir rf^.cinr\?innf^ imaging 
DATE- ISSUED: August 19, 1997 
INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Pissanetzky; Sergio The Woodlands TX N/A N/A 

Mclntyre; Peter M. College Station TX N/A N/A 

US -CL- CURRENT: 225./ 22A/aJLE., 225,/ 225/223. 



Review Class if icaticn 



Reference 



□ 2. Document ID: US 5543770 A 
L18: Entry 2 of 3 
US-PAT-NO: 5543770 

DOCUMENT- IDENTIFIER: US 5543770 A 



File: USPT 



Aug 6, 19 96 



TITLE: Apparatus for generating uniform and parallel magnetic field, 
the intensity of which is variable 

DATE- ISSUED: August 6, 1996 



I NVENTOR - I NFORMAT I ON : 

NAME CITY 

Sasaki; Tsutomu Kawasaki 

Itoh; Ikuo Kawasaki 



STATE ZIP CODE COUNTRY 
N/A N/A JPX 

N/A N/A JPX 



US -CL- CURRENT: 225./ 223.; 223./ 21R, 22£./UIR^, 5£L5./2Ul, ■^nR/flVQ 



I Title I Cit3iiori | Front | Review | Classification | Date { Reference 



O 3. Document ID: US 4236964 A 
L18 : Entry 3 of 3 



File: USPT 



Dec 2, 1980 



1 of 2 



US-'PAT-NO: 4236964 

DOCUMENT- IDENTIFIER: US 4236964 A 

TITLE: Confinement of high temperature plasmas 

DATE- ISSUED: December 2, 1980 

INVENTOR- INFORMATION : 



NAME 


CITY 


STATE 


ZIP CODE 


COUNTRY 


Bass; Robert W. 


Provo 


UT 


N/A 


N/A 


Ferguson; Helaman R. P. 


Orem 


UT 


N/A 


N/A 


Fletcher; Harvey J. 


Coltsneck 


NJ 


N/A 


N/A 


Gardner; John H. 


Provo 


UT 


N/A 


N/A 


Harrison; B. Kent 


Provo 


UT 


N/A 


N/A 


Larsen; Kenneth M. 


Provo 


UT 


N/A 


N/A 



US -CL- CURRENT: 22£./ll2.; 22£./ 12J., 32£./inSLJL 



Class rfication 



j ^Genjefate^Collecton 



Term 



ELLIPSE.DWPI,TDBD,EPAB,JPAB,USPT,PGPB. 



ELL]PSES.D\\TI TDBD3PAB,JP 



ELLIPTICAL.D 



ELLIPTICALS 



ELLIPTICALLY^^^^^ 



ELLIPTICALLIES 



ELLIPTICALLYS 



(17 AND (ELLIPTICALLY OR ELLIPSE OR 
ELLIPTICAL)).USPT,PGPB,JPAB,EPAB,DWPLTDBD. 



Documents 



25832 



46211 



668261 



2!!El!y_J ["sol Documents, starting with Document; (j ^ 



0! 



8138 



0! 



Oi 



3t 



Display Format : fciTni Change Format "| 



2 of 2 



Generate Collection j 
Search Results - Record(s) 1 through 14 of 14 returned. 



□ 1 . Document ID: US 6278276 Bl 



L19: Entry 1 of 14 



File: USPT 



Aug 21, 2001 



US-PAT-NO: 6278276 

DOCUMENT- IDENTIFIER: US 6278276 Bl 

TITLE: Phased array gradient coil set with an off center gradient field sweet spot 
DATE-ISSUED: August 21, 2001 

INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Morich; Michael A. Mentor OH N/A N/A 

Retropoulos; Labros S. Solon OH N/A N/A 

US -CL- CURRENT: 



US-PAT-NO: 6278275 

DOCUMENT-IDENTIFIER: US 6278275 Bl 

TITLE: Gradient coil set with non-zero first gradient field vector derivative 
DATE-ISSUED: August 21, 2001 

INVENTOR-INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Petropoulos; Labros S. Solon OH N/A N/A 

Schlitt; Heidi A. Chesterland OH N/A N/A 

US -CL- CURRENT: 22A/21R; llA/mR, 12A/12R 





□ 2. Document ID: US 6278275 Bl 



L19: Entry 2 of 14 



File: USPT 



Aug 21, 2001 





O 3. Document ID: US 6214019 Bl 



L19: Entry 3 of 14 



File: USPT 



Apr 10, 2001 



1 of 6 



US-PAT-NO: 6214019 Wgf 
DOCUMENT-IDENTIFIER: US 6^4019 Bl 



TITLE: Convergent magnetic stereotaxis system for guidance to a target 
DATE-ISSUED: April 10, 2001 

INVENTOR- INFORMATION : 
NAME 

Manwaring; Kim H. 
Manwaring; Mark L. 

US -CL- CURRENT: £nE./12Jl 



Fijli I Title I Citation I Front I Review I Clasjffioation Date Reference ^^^^1 KVi'lC | Draw Oesc | Image 



CITY STATE ZIP CODE COUNTRY 

Provo UT N/A N/A 

Pullman WA N/A N/A 



□ 4. Document ID: US 6150816 A 

L19: Entry 4 of 14 
US-PAT-NO: 6150816 

DOCUMENT- IDENTIFIER: US 615 0816 A 



File: USPT 



TITLE: Radio- frequency coil array for resonance analysis 
DATE-ISSUED: November 21, 2000 



Nov 21, 2000 



INVENTOR- INFORMATION : 
NAME 

Srinivasan; Ravi 



CITY 

Richmond Heights 



STATE 
OH 



ZIP CODE 
N/A 



COUNTRY 
N/A 



US -CL- CURRENT: :12A/3JlR; 22A/122 



O 5. Document ID: US 6060882 A 

L19: Entry 5 of 14 
US-PAT-NO: 6060882 

DOCUMENT -IDENTIFIER: US 6060882 A 



File: USPT 



TITLE: Low- inductance transverse litz foil coils 
DATE-ISSUED: May 9, 2000 



May 9, 2000 



INVENTOR- INFORMATION : 

NAME CITY 

Doty; F. David Columbia 



STATE 
SC 



ZIP CODE 
N/A 



COUNTRY 
N/A 



US -CL- CURRENT: 3^/21^; 22A/11R, £m/A2± 



; Front : ';Re viewy Classification: 



■Reference 



O 6. Document ID: US 5798679 A 

L19: Entry 6 of 14 



File: USPT 
2ot6 



Aug 25, 1998 



UB-PAT-NO: 5798679 
DOCUMENT- IDENTIFIER: US 5798679 A 

TITLE: Magnetic fliix bending devices 

DATE-ISSUED: August 25, 1998 



INVENTOR- INFORMATION : 
NAME 

Pissanetzky; Sergio 



CITY 

The Woodlands 



STATE 
TX 



ZIP CODE 
N/A 



COUNTRY 
N/A 



US -CL- CURRENT: 2l25./2^ 



Cla^^ffitation 



O 7. Document ID: US 5659281 A 

L19: Entry 7 of 14 
US-PAT-NO: 5659281 

DOCUMENT- IDENTIFIER: US 5659281 A 



File: USPT 



TITLE: Structured coil electromagnets for magnerlr resonance imaging 
DATE-ISSUED: August 19, 1997 



INVENTOR- INFORMATION : 
NAME 

Pissanetzky; Sergio 
Mclntyre; Peter M. 



CITY 

The Woodlands 
College Station 



STATE ZIP CODE 
TX N/A 
TX N/A 



US -CL- CURRENT: 2A5/2^; 12A/21R, 333./ 125./ 233. 



Aug 19, 1997 



COUNTRY 

N/A 

N/A 



Cla^jrfication 



□ 8. Document ID: US 5633588 A 

L19: Entry 8 of 14 File: USPT May 27, 1997 

US-PAT-NO: 5633588 

DOCUMENT -IDENTIFIER: US 5633588 A 

TITLE: Superconducting magnet apparatus using superconducting multilayer composite 
member, method of magnetizing the same and magnetic resonance imaging system 
employing the same 

DATE-ISSUED: May 27, 1997 



INVENTOR- INFORMATION : 



NAME 


CITY 


STATE 


ZIP CODE 


COUNTRY 


Homme i; Takao 


Hitachinaka 


N/A 


N/A 


JPX 


Takuma; Yutaka 


Tokyo 


N/A 


N/A 


JPX 


Takeshima; Hirotaka 


Ryugasaki 


N/A 


N/A 


JPX 


Takeuchi ; Hi royuki 


Kashiwa 


N/A 


N/A 


JPX 


Miyamoto; Yoshiyuki 


Abiko 


N/A 


N/A 


JPX 


Fiikutomi ; Kiyoshi 


Tokyo 


N/A 


N/A 


JPX 


Kawano; Hajime 


Abiko 


N/A 


N/A 


JPX 



us -CL- CURRENT: 12A/22J1; 12A/11S. 



3 of 6 



Ciiaiion I Front | Review | Classification | Date | ReferenC' 



i 




O 9. Document ED: US 5543770 A 

L19: Entry 9 of 14 
US-PAT-NO: 5543770 

DOCUMENT- IDENTIFIER: US 5543770 A 



File: USPT 



Aug 6, 1996 



TITLE: Apparatus for generating uniform and parallel magnetic field, the intensity of 
which is variable 

DATE-ISSUED: August 6, 1996 



INVENTOR- INFORMATION : 
NAME 

Sasaki / Tsutomu 
Itoh; Ikuo 



CITY 

Kawasaki 
Kawasaki 



STATE 

N/A 

N/A 



ZIP CODE 

N/A 

N/A 



COUNTRY 

JPX 

JPX 



US -CL- CURRENT: 2J^/2St3.; 223./ 21R, 3JL6./nTG . 1 , 511^/211, 



Date Reference 



Dravvi Desc 



□ 10. Document ID: US 5196796 A 
L19: Entry 10 of 14 File: USPT Mar 23, 1993 

US-PAT-NO: 5196796 

DOCUMENT-IDENTIFIER: US 5196796 A 

TITLE: Anatomically conformal quadrature MRT surface coil 
DATE-ISSUED: March 23, 1993 

INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Mi sic; George J. Novelty OH N/A N/A 

Reid; Eric D. Turtle Creek PA N/A N/A 

US -CL- CURRENT: 22A/222 



Full:; ij i-Title^ I Citation | Front : | Review |: Clas--£ if ig3t ion | Date Reference- {^^^H KVijlC- | 'DrairtA Deso:; 



O 11. Document ID: US 4899108 A 

L19: Entry 11 of 14 File: USPT Feb 6, 1990 



4 of 6 



US-PAT-NO: 4899108 
DOCUMENT- IDENTIFIER: US 



4^9 



9108 A 

TITLE: High frequency coil 
DATE -ISSUED: February 6, 1990 



INVENTOR- INFORMATION : 
NAME 

Fujita; Michiru 
Higuchi ; Masao 

US -CL- CURRENT: 12A/21R 



CITY 

Kawasaki 

Kawasaki 



STATE 

N/A 

N/A 



ZIP CODE 

N/A 

N/A 



COUNTRY 

JPX 

JPX 



RevieMv ! Classffioation 



□ 12. Document ID: US 4890082 A 

L19 : Entry 12 of 14 
US-PAT-NO: 4890082 

DOCUMENT-IDENTIFIER: US 4890082 A 



File: USPT 



TITLE: Coil for generating a homogeneous magnetic field 
DATE-ISSUED: December 26, 1989 



Dec 26, 1989 



INVENTOR -INFORMATION : 
NAME 

Fujita; Michiru 



CITY 
Kawasaki 



STATE 
N/A 



ZIP CODE 
N/A 



COUNTRY 
JPX 



US -CL- CURRENT: 123./ 3-2A/22n, 12R/21£ 



■Clas-'ifioation 



O 13. Document ID: US 4236964 A 

L19: Entry 13 of 14 File: USPT 

US-PAT-NO: 4236964 

DOCUMENT- IDENTIFIER: US 4236964 A 

TITLE: Confinement of high temperature plasmas 

DATE -ISSUED: December 2, 1980 



Dec 2, 1980 



INVENTOR- INFORMATION : 










NAME 


CITY 


STATE 


ZIP CODE 


COUNTRY 


Bass; Robert W. 


Provo 


UT 


N/A 


N/A 


Ferguson; Helaman R. P. 


Orem 


UT 


N/A 


N/A 


Fletcher; Harvey J. 


Coltsneck 


NJ 


N/A 


N/A 


Gardner; John H. 


Provo 


UT 


N/A 


N/A 


Harrison; B. Kent 


Provo 


UT 


N/A 


N/A 


Larsen; Kenneth M. 


Provo 


UT 


N/A 


N/A 



US -CL- CURRENT: SOLL/mfLA. 



5 of 6 



• « 

□ 14. Document ID: DE 3828407 A, DE 3828407 C2, GB 2208937 A, GB 2208937 B, JP 01 170449 
A, US 4899108 A 

L19: Entry 14 of 14 File: DWPI Mar 2, 1989 

DERWENT-ACC-NO: 1989-069810 
DERWENT-WEEK: 198910 

COPYRIGHT 2001 DERWENT INFORMATION LTD 

TITLE: HF coil for atomic nuclei resonance in computer tomography - has number of 
unit coils containing line sections and having common centre point 

INVENTOR: FUJITA, M; HIGUCHI , M 

PRIORITY -DATA: 1987JP- 0329133 (December 25, 1987), 1987JP- 0207635 (August 21, 1987), 
1987JP-0207636 (August 21, 1987) 



PATENT -FAMILY: 



PUB -NO 


PUB -DATE 


LANGUAGE 


PAGES 


MAIN-IPG 


DE 3828407 A 


March 2, 1989 


N/A 


021 


N/A 


DE 3828407 C2 


February 16, 1995 


N/A 


020 


G01R033/34 


GB 2208937 A 


April 19, 1989 


N/A 


000 


N/A 


GB 2208937 B 


April 1, 1992 


N/A 


000 


N/A 


JP 01170449 A 


July 5, 1989 


N/A 


000 


N/A 


US 4899108 A 


February 6, 1990 


N/A 


018 


N/A 



INT-CL (IPC): A61B 10/00; GOIN 24/04; GOIR 33/22; GOIR 33/34; HOIF 5/02; HOIF 7/20 



Full Title Crtation Front Revieu-j Clas^tticjtion J Date Reference ^^^^H >0/ijlC j OiamO^so \ Clip Img ] -Image 



Generate Collection 



Term 


Documents i 


ELLIPSE.DWPI,TDBD,EPAB,JPAB,USPT,PGPB. 


25832j 


ELLIPSES.DWPI,TDBD,EPAB,JPAB,USPT,PGPB. 


46211 


ELLIPTICAL.DWPI,TDBD,EPAB,JPAB,USPT,PGPB. 


668261 


ELLIPTICALS 


0| 


ElllPTICAI^ i 


81381 


ELLIPTICALLIES 





ELLIPTIC ALLYS 


0 


( i 6 AND j^^LY OR ELLiPSE OR 
ELLIPTICAL)).USPT,PGPB,JPAB,EPAB,DWPI,TDBD. 


14 



E!!E!^X„J Q 1 Documents, starting with Document: QI 



Display Format : rcir 1 f Change Format \ 



6or6 



WEST 



□ 



Generate Collection 



L19: Entry 3 of 14 File: USPT Apr 10, 2001 

DOCUMENT- IDENTIFIER: US 6214019 Bl 

TITLE: Convergent magnetic stereotaxis system for guidance to a target 



ABPL: 

A guidance system for guiding a surgical instrument without visual information to a 
target in tissue. The system centers the target upon the trajectory of an infinite 
family of zf^m-flny curvilinear lines emanating from either a fixed magnet or an ac 
or dc electromagnet which is mounted on the instrument. The approach to the target 
allows selection of straight and curved trajectories based on the zero- flux lines 
that intersect the target. A self-centering attachment that holds the magnet allows 
any straight instrument to be guided by the system. The zero-flux lines are measured 
by a magnetometer that is located on a remote location on or in the tissue. The 
transducers of the magnetometer measure the magnetic field strength that is present 
if the instrument deviates from the zero-flux line. The guidance information is 
plotted on a display that allows a user to guide the instrument along the zero- flux 
line to the target. An alternative embodiment uses a sensing magnetometer in the 
instrument tip that measures the field strength that is generated from a magnet that 
is placed on a remote location on or in the tissue. 

BSPR • 

The invention relates to a method and apparatus for directing a surgical instrument 
to a target location. More specifically, the invention relates to using a magnet and 
a magnetometer to guide the instrument on zero- flux lines to the target location. 



To minimize the risk of malposition, a surgeon has several options. For example, 
well -described, externally palpable landmarks of the cranium may be used to select 
and drill a hole. The catheter is then aimed toward another palpable landmark of the 
head, expecting to intersect an optimal target location at a depth judged from review 
of imaging studies such as computed tomography (CT) and magner.lr resonance imaging 
(MR!) . However, this technique is difficult to employ due to human variation in 
landmarks, variability in the ventricle size and position, and encumbrance of 
surgical drapes used to isolate a surgical field. Malposition attributable to these 
variables is a common complication. 

BSPR * 

Intraoperative CT and mrt (so-called open MR!) allow precise guidance, but the 
necessary equipment for these procedures present significant hindrances to sterile _ 
setup, timely operation, operating room efficiency, and cost since such equipment is 
not ordinarily used in the operating room. These techniques also operate by emitting 
ionizing energy which may have cumulative potential injurious effect in the case of 
CT or interfering magnetic fields in the case of MRX. 

BSPR: 

Thus, there exists a need for a catheter positioning device which: a) is simple, 
requiring minimal setup time, expense, training or expertise of the surgeon; b) 
allows precise guidance during surgery despite encumbrance of surgical drapes and 
difficulty at palpation of common landmarks; c) allows optimal target selection based 
on pre-operative imaging studies such as CT and MRl of the head; d) avoids 
invasiveness of a frame application to the patient or special imaging procedures to 
allow such guidance; and e) builds on the existing standards for the surgical 
approach to the ventricle system. 

BSPR: . 
The above needs and problems are solved by the present invention, which is embodied 
in a guidance system for use in conjunction with an instrument having a siabstantially 
straight portion and a tip. The system determines the path of the instrument to a 
target area within tissue. The system has a magnet which is mounted on the 
substantially straight portion of the instrument and which emits a magnetic field 
with a family of ^^Prn-f inv lines perpendicular to isogaussian planes. The target area 
is intersected by a selected -y^T-n-flnx line. A self-centering housing may be coupled 
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to the substantially st^Tght portion of the surgical ing^^nent and holds the magnet 
such that the magnetic center is aligned with the instrument. A magnetometer is 
placed in or on a remote tissue site in approximate alignment with the target area. 
The magnetometer includes an x-plane transducer, a y-plane transducer and a z -plane 
transducer. A guidance circuit is coupled to the transducer array and indicates when 
the magnet deviates from the selected zero-flux line. 

BSPR: 

The invention is also embodied in a guidance system for use in conjunction with a 
surgical instrument having a tip which is inserted in tissue. The system determines 
the arrival of the tip of the surgical instrument at a target area within the tissue. 
The system has a magnetometer in the instrument tip. The magnetometer includes an 
x-plane transducer, a y-plane transducer and a z-plane transducer. A magnet which 
emits a magnetic field with a family of y.^rn- f1 nv lines perpendicular to isogaussian 
planes is provided. The target area is intersected by a selected zero-f 1 ux line. The 
magnet is located on a remote tissue site in approximate alignment with the target 
area. A guidance circuit is coupled to the transducer array which indicates when the 
magnet deviates from the selected 7;p^rn-f 1 ux line. 

DRPR: 

FIG. 5 is a chart of flux lines and perpendicular "zero-flux" trajectories of a 
magnet used by the present invention. 

DRPR: 

FIG. 6 is an axial mrt scan showing the orientation of fliix lines and placement of 
the magnetometer for application of the present invention. 

DRPR: 

FIG. 7 is a coronal mpt scan of the brain showing a family of "zero- flux lines" and 
an alternate placement of the magnetometer for application of the present invention. 

DRPR : ' 

FIG. 10 is an axial mpt scan of a brain showing a target area, a family of "zero-flux 
lines" converging toward the target area and a magnetometer using the alternative 
embodiment of the present invention. 

DRPR: 

FIG. 11 is a sagittal mt?t scan of a brain showing the target area, "zero-f 1 ux lines," 
and magnetometer of FIG. 10. 

DEPR: 

The instrument 12 is inserted in the burr hole 18 on the cranium 16. Once the surgeon 
elects a fixed entry site such as the burr hole 18, this becomes a pivot point to 
guide the instrument 12 along a defined zero- flux line from the magnet 3 0 measured by 
the magnetometer 34 to the target area 14 as will be explained below. The 
magnetometer 34 is coupled to a data interface device 44 via a data input 46. The 
data interface 44 in this example is a 21X Datalogger manufactured by Campbell 
Scientific, Incorporated of Logan, Utah. However, any data interface that is capable 
of real time earth magnetic field measurement and subtraction from the emitted 
magnetic field of a magnet may be used. The data interface 44 may be eliminated if a 
digital magnetometer with signal processing capability is used such as the HMR2300 
digital magnetometer manufactured by Honeywell. The data taken from the magnetometer 
34 is output via a data output port 48. 

DEPR: 

Alternatively, a bar magnet may be used instead of a horseshoe magnet. Such a bar 
magnet would be mounted perpendicularly to the shaft 2 6 to place the poles in a 
similar position as those of a horseshoe magnet. Alternatively, the magnet 30 may be 
an electromagnet. The electromagnet is energized by either a DC current, a pulsed DC 
current or an AC current. While common ceramic magnets can be employed for the magnet 
30, much stronger magnets such as alnico or rare earth magnets are preferable to 
optimize measurement of a 7:ero-f 1 nx line by the magnometer 34. Similarly, an 
alternating field could be obtained by rotating the magnet within the housing using a 
small rotary motion source such as a wind-up motor or electric motor. 

DEPR: 

The screen 60 includes a pair of glidepath cross hairs 62 and 64. Glidepath cross 
hair 62 is the x (left-right instrument tip position) axis and glidepath cross hair 
64 is the y (up-down instrument tip position) axis. The glidepath cross hairs 62 and 
64 are centered on the screen 60, indicating the surgeon's ideal glidepath down a 
y.ern- fl uv line to the target 14. The deviation of the tip 24 of the instrument 12 off 
of the glidepath is indicated by tip location cross hairs 66 and 68 which are the x 
and y axes respectively. A magnet plane is plotted as a compass heading line 70 
extending out of the guideline cross hairs 62 and 64. Using the tip location cross 
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hairs 66 and 68, a sur^^^ "pulls" the tip 24 of the insj^^ent 12 back physically to 
align the tip with the gTidepath cross hairs 62 and 64 milBFas a skeet shooter sites 
his gun and pulls the barrel back on target. 

DEPR: 

The operation of the system 10 according to the present invention will now be 
explained with reference to FIGS. 1-4 and FIG. 5 which shows a pattern of fl\ix lines 
100 which emanate from the magnetic center of a bar magnet 102 as concentric p1 i ipg^g 
approximating circles. The flux lines 100 represent isogaussian planes of field 
density, diminishing in strength with distance from the center of the magnet 102. A 
simple, fixed magnet (or an electromagnet) emits a magnetic field with a shape that 
is influenced by the magnet's geometry and the alignment orientation of its magnetic 
domains. This pattern depicts the approximate shape of isogaussian distributional, 
though the exact shape is normally slightly more shortened in the perpendicular plane 
away from the magnet 102. The depiction in FIG. 5 also approximates a pattern for a 
horseshoe or U-shaped magnet such as the magnet 30 in FIG. 1. 

DEPR: 

The pattern of a constant, pulsed, or continuously alternating magnetic flux 
distribution at a given point in time is thus represented in FIG. 5. The strength of 
a magnetic field emanating from a magnet 102 will be constant on any flux line 100 as 
measured by the magnetometer 34 in FIG. 1 if the magnetometer transducers 38, 40 or 
42 are oriented tangentially to thp p1 1 ipti r^V line. 

DEPR: 

A perpendicular line extending from the center of the magnet and intersecting the 
f 1 ux lines 100 at right angles to the f^l 1 -ipti or near circular f 1 nx line defines a 
"zern-f Inx line" 104. The strength of a magnetic field emanating from the magnet 102 
will always be ze.ro on a zero- flux line 104 as measured by the magnetometer 34 if the 
z-plane transducer 42 remains oriented perpendicular to the line 104. Misalignment to 
the zero- flux line 104 will result in a measurable positive or negative magnetic 
field strength in the z-plane transducer 42. The deviation in field strength is 
displayed on the screen 60 to indicate direction and magnitude of required correction 
to re-align directly on the zero-f 1 i]x line 104, which represents the glidepath to the 
target. The z-plane transducer 42 in the magnetometer 34 is aligned perpendicularly 
to a given zero- flux line such as f 1 ux line 104. The x- and y-plane transducers 38 
and 4 0 will measure full intensity of the magnetic flux from the magnet 102 depending 
on the rotation of the magnet 102. As the instrument 12 is advanced down a zf^rn- fl nv 
line such as flux line 104, it will eventually intersect the magnetic center of the 
magnet 102, thus providing an exact path to the magnetometer 34. If a target in the 
tissue is aligned with the magnetometer, it may be exactly intersected. 

DEPR: 

The magnet 30 in FIG. 1-3 will emit a symmetrical field in an x axis when oriented 
horizontally very similar to the field depiction in FIG. 5 due to its position. The y 
axis orientation is obtained by rotating the magnet 30 along with the housing 32 by 
90 degrees to the vertical position. This allows feedback measurement of the maximum 
and minimum flux density by the x- and y-plane transducers 3 8 and 4 0 of the 
magnetometer 34 for orientation in the y plane as seen in compass line 70. The 
rotation of the magnet 3 0 must be performed periodically to assure passage on a z^m 
flux lines in both the x and y planes. The orientation change may be automated by use 
of a mechanically rotated magnet or by pulsing of housed electromagnets with sine 
waves 90 degrees out of position with each other. 

DEPR: 

The tip location cross hair 68 is derived in the x plane and generated on the screen 
60 by measuring the magnetic field deviation away from the z^ro- f 1 nx line (or value 
of zero) using the z-plane transducer 42 of the magnetometer 34. The measured 
deviation is plotted either left or right of the guidance cross hair 64 by amplitude 
on the X plane. The point is plotted when the x-plane transducer 38 reads a maximum 
flux density and the y-plane transducer 40 reads a minimal flux density 
simultaneously. 

DEPR: 

Conversely, the tip location cross hair 66 is generated by measuring the deviation 
off of the glidepath in the y plane. The deviation away from the zf^rn-f 1 nx line (or 
value of zero) on the z-plane transducer 42 of the magnetometer 34 is measured. This 
value is plotted above or below the guideline cross hair 62 by amplitude on the y 
plane. The point is plotted when the y-plane transducer 40 reads a maximum flux 
density and the x-plane transducer 38 reads a minimal flux density simultaneously. 

DEPR: 

Better accuracy for traversal of a zern-f 1 nx line is gained by using a straight 
instrument such as an endoscope with the shortest possible length between the tip and 
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to the perpendicularity of th^^^ 



the housing 32. This is dSe to the perpendicularity of th^ II line at 
intersection with the tangent of the near circular pllipsps . In practice, this is a 
minor limitation as accuracy improves as the instrument approaches the target due to 
convergence of ■^t^ro-finv lines toward the magnetometer. 

DEPR • 

in order to guide the instrument tip 24 along a i^ero-fliix line as detected by the 
magnetometer 34, it is necessary to cancel out the earth's magnetic field effect and 
to eliminate, control for, or subtract out sources of magnetic interference in the 
surgical environment. Since the technique of converging accuracy as described above 
embodies the element of increasing magnetic field strength as the target 14 is 
approached, minimal interference is encountered in the normal surgical environment. 
This is due to conventional use of non-magnetic stainless steel instruments and 
sufficient distance from substantial ferromagnetic material, such as iron and steel 
in operating tables and microscope bases. It is only necessary m normal practice to 
zero the magnetometer with the instrument and housing containing the magnet at least 
1 meter removed from the surgical field. Current surgical practice demonstrates 
convergence on the magnetometer as a target to within 1 mm when this guideline is 
employed. 

DEPR • 

Yet another approach yields similar accuracy based on convergence of zern- flux lines 
as tSe target is approached. The entry burr hole site 18 is touched by the instrument 
12 and housing 32 containing the magnet 30 in correct orientation. The instrument 12 
is aimed by visual alignment technique to the target 14, estimating its internal 
location The magnetometer 34 is then zeroed by subtracting existing flux values out 
to a value of zam. As the instrument 12 is further advanced into the cranium 16, 
deviation off of a ■^>^r-n finv line to the magnetometer 34 as a target is easily 
recognized and guidance is performed identically as above, obtaining similar 
accuracy. 

Typically, an approach to the target 14 is selected using imaging studies^ In this 
example, the surgeon has elected a posterior cranial approach to the target 14. FIG. 
lis an axial MeI scan of the cranium 16 showing the target 14 and selected ^^ro-flux 
lines leading toward the target 14 and the magnetometer 34. As the magnetic field 
permeates the cranium 16 and soft tissues of scalp and brain without impediment, a 
^^ro-fliix trajectory line 108 to the target is detectable withm and outside the 
cranium 16. The magnetometer 34 is placed on the midline forehead area 20 due to size 
and external electrical connections. The magnetometer 34 is on the selecte d /prn- flux 
line 108 downpath from the target 14 and the magnet 30 and its magnetic field. 

DEPR * 

If the surgeon encounters an impediment in the path, such as an overlying vital 
vessel, he can move to an adjacent or removed site, so long as a zprn-fliix line 
intersects this region, which will also guide him to the target. A distinct advantage 
of this invention is the wide latitude of options presented to the surgeon requiring 
only geographic approximation of an entry site to allow convergence on the target as 
illustrated in FIG 6. Further, a curved path may be elected if it offers advantages 
compared to a relatively straight path. The emitted magnetic field ^prn-flux line 108 
as detected by the magnetometer 34 is a curved trajectory line converging on the 
target 14 as illustrated in FIG. 6. In addition, multiple consecutive or simultaneous 
paths to the same target may be employed for multiple instruments without additional 
planning. 

DEPR ' 

An example of an alternative approach to an intracranial target is shown in FIG. 7, 
which is an MRl scan of a typical coronal cut of the brain. This approach employs the 
same elements as the system 10 in FIGS. 1-4. The target 14 is m the identical 
location of a frontal horn of the lateral ventricles in the cranium 16 as the view in 
FIG. 6. The magnetometer 34 is placed in the anesthetized patient's mouth against the 
soft palate and dorsal to the typical location of an endotracheal tube. The surgeon 
can elect a family of 7Prn-f1iix lines 110 that will offer a trajectory within the 
confines of the target space to its intersection. The depth from a coronal burr hole 
on the top of the head to the target may be measured by conventional, readily 
available techniques in the radiologic suite from CT or MEI type images. 



also be indicated by measuring increasing field strength 




Therefore, the magnetometer 34 provides corrective information to re-align the 
instrument 12 to the glidepath to the target 14. 
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DEPR * 

This orientation of the magnet 150 results in a zero-flux line pattern as shown in 
FIG. 8. In this embodiment, the x-plane and y-plane transducers 38 and 40 of the 
magnetometer 34 measure the deviation of the microscope 152 and the magnet 150 from a 
position parallel to the flux lines emulating from the magnet 150. The orientation of 
the magnet 150 results in detecting a zero- flux line when the x- and y-plane 
transducers 38 and 40 in the magnetometer 34 read zero field strength because they 
are perpendicular to the_£lijx line. Conversely, the z-plane transducer 42 will 
measure full strength of the flux line as it is parallel and coincident to it. The 
proximity of the magnet 150 to the magnetometer 34 to the target 14 in the cranium 16 
is thus derived from the increasing strength of the magnetic field as measured by the 
2 -plane transducer 42. 

DEPR : 

This variation has the advantage that it is unnecessary to rotate the magnet 150 in 
order to obtain the x- and y-plane zero-flux line position of the tip of the 
instrument 12. A microscope 152 may be aligned to the target 14. The microscope may 
be placed to determine the exact point of entry to reach the target 14. The alignment 
of the magnet 150 results in severe curvature of trajectories to a target when the 
instrument 12 is at some distance laterally removed from the magnetometer 34. 

DEPR : 

The guidance system 200 allows exact accuracy on the zero-f 1 ux line since the 
miniaturized magnetometer 224 is housed in the tip 214 of the instrument 202. 
Additionally, this embodiment allows either a straight or curved instrument to be 
used since the magnetometer 224 is located directly at the tip 214 and thus it is 
unnecessary to compensate for the distance between it and the tip. The alternative 
embodiment may be used with flexible tip instruments such as a steerable fiberscope. 
The location of the magnet 220 outside of the patient allows the magnet and hence the 
magnetic field to be stronger and thus more measurable. 

DEPR: 

FIGS. 10 and 11 show typical views of an MRl scan of the brain in axial and sagittal 
orientations respectively in conjunction with the guidance system 200. In FIGS. 10 
and 11 the target 204 is in the frontal horn of a lateral ventricle of the cranium 
206. Flnx lines emanating from the magnet 220 and zero- flux lines 256 have been 
superimposed to illustrate a family of convergent paths that may be selected for an 
appropriate burr hole to guide the instrument 12 forward toward the magnet 220. On 
inspection, a converged set of lines intersecting the target in the frontal horn may 
be readily identified. Posteriorly there is a wide selection of potential entry sites 
that follow a 7:pro-f Iny line toward the target up-field from the magnet. 

DEPR: 

The scans in FIGS. 10 and 11 demonstrate convergence toward the target when the 
magnet 220 has been placed on the forehead. This is shown for illustrative purposes 
only as the magnet 220 may be placed in any convenient site in or on the tissue in^ 
approximate alignment with the target 204. A family of zero-f lux lines 256 indicating 
a wide range of potential cranial entry sites converge upon and within the borders of 
the target area. 

DEPR: 

The instrument 202 and attached magnetometer 224 may be advanced along any of the 
7;prn-f inx lines 256 as measured by the magnetometer 224. The measured flux lines are 
used for a visual display similar to FIG. 4 to guide the instrument 202 along a 
suitable glidepath. 

CLPR: 

8. The guidance system of claim 1 wherein the guidance circuit further comprises a 
distance circuit to determine the distance to the target area by measuring field 
strength emitted by the magnet perpendicular to the zero-f lux line by the 
magnetometer . 

CLPR: 

16. The guidance system of claim 1 further comprising a compensation circuit which 
7>prnf=^c; the magnetometer for static effects of earth's field and any ferromagnetic or 
electromagnetic dc effects by subtracting the flux offsets in x, y, and z plane 
transducers of the magnetometer to zero . 

CLPR: 

21. The method as claim 20 further comprising the step of zeroing the magnetometer 
for static effects of the earth's field and ferromagnetic or electromagnetic dc 
effects by placing the instrument with the attached magnet at a distance from the 
entry site and subtracting flux offsets in x- , y- , and z-plane transducers of the 
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magnetometer to zero. 

CLPR: 

22. The method of claim 20 further comprising the step of overlaying imaging scans of 
the body with a pattern of isogaussian flux planes in the axial, sagittal, or coronal 
planes to define a family of zero- flux lines converging on the affixed magnetometer. 

CLPR: 

24. The method of claim 23 wherein the step of inserting the instrument further 
comprises selecting an intersecting zpro-f1ux line extending from the entry site and 
converging on the magnetometer and the target area. 

CLPR : 

26. The method of claim 25 further comprising the step of displaying a 3-dimensional 
display of the depth of passage along the zero- flux trajectory line to the target 
area. 

CLPV: 

a magnet emitting a magnetic field with a family of zero-flnx lines perpendicular to 
isogaussian planes, wherein a selected zero-flux line is intersectable with the 
target area and serves as a path for the instrument and the magnet is mountable on 
the straight portion of the instrument; 

CLPV: . 
a magnetometer capable placed in or on a remote site in approximate alignment with 
the target area and the selected zero-flux line, the magnetometer including a 
transducer array having a x-plane transducer, a y-plane transducer and a z -plane 
transducer; and 

CLPV: 

a guidance circuit coupled to the transducer array which indicates when the magnet 
deviates from the selected zero- flux line. 

CLPV : ^ . 

a magnet emitting a magnetic field with a family of zero-flux lines perpendicular to 
isogaussian planes, wherein the magnet has a magnetic center and a selected zero-flux 
line is intersectable with the target area and the magnet is mo\intable on the 
straight portion of the instrument; 

CLPV: 

a guidance circuit coupled to the transducer array which indicates when the magnet 
deviates from the selected zero- flux line; 

CLPV : 

selecting a path to the target area by selecting a zero- flux line from the magnetic 
field which intersects the target area; 

CLPV : 

zeroing the magnetometer for static effects of the earth's field and ferromagnetic or 
electromagnetic dc effects by placing the instrument with the attached magnet at the 
fixed entry site in approximate visual orientation toward the target area and 
magnetometer and subtracting flux offsets in x-, y- , and z-plane transducers of the 
magnetometer to zero. 

CLPV: 

providing a feedback display to enable correction of the position of the instrument 
to overlie -the selected zero-flux trajectory line. 
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